This report describes a method for estimating the separation degree at the bunsetsu boundary (SD) for Japaaese text-to-speech s-vnthesis. Our method gives us the prosodic s--bo1 without using complicated linguistic analysis.
Introduction
In the text-to-speech synthesis system it is very important to decide proper prosodic features. Prosodic features, especially intonation and pause length, strongly depend on linguistic information. Several studies have pointed out that %he separation degree at the bunsetsu boundary" (SD) provides many prosodic features of spoken Japanese[l] [Z] . Bunsetsu is the smallest meaning block consisting of more than one Japanese morpheme. An SD shows the strength of the connection between bunsetsus. In the text-to-speech synthesis system, the general form of the prosodic unit, pause length, etc. can be generated by SD. In general, SD has been decided by modifier/modifyee relationships, meanings, etc. In this report we will first present how to make the rules. Next will be an esample of applying the rules. Finally we will report the emluation of SD as a prosody symbol and its result.
Estimated Separation Degree and Correction Rules
In this chapter we explain the "bunsetsu" process unit and its type. Next discussed is how to make the ESD and correction rules. 
Bunsetsu

Estimated Separation Degree
We assumed that Japanese speakers estimate SD based on the final bunsetsu morpheme. To validate this proposition we investigated the statistical tendency of the relationship between SD and BT. We studied the modification distance to obtain objectively a large number of d a t a The "modification distance" (MD) is the number of bunsetsus between the bunsetsu modifier and the modifyee. It has already been reported that there is a strong correlation between SD and MD(l]. According to this report, the longer the MD, the weaker the relationship with the next bunsetsu. Thus the SD of the bunsetsu is high. In other words, the longer the MD of bunsetsu, the higher its SD. Conversely, SD becomes the lowest degree if a bunsetsu modifies the succeeding bunsetsu. Because is given an upper limit according to the number of bunsetsus before the end of the sentence, the sentence position of bunsetsu must be investigated.
To express the position within a sentence, we use the number of bunsetsus from the end of the sentence [6] .
When the total number of bunsetsus is n, the position of the i-th bunsetsu equals n -i. ALI example of our investigation is shown in Figure 2 . These are prescribed as SD types 1, 2, and 3, respectively. This shows that bunsetsus can be classified according to the following three types by the modification tendency.
1. The bunsetsu modifying the next bunsetsu 2. The bunsetsu modifying the next but one 3. The bunsetsu modifying the last bunsetsu This result does not contradict with the statistical results of previous researchI61. Accordingly, all BT were classified into these three types. We consider that these three types are the "estimated separation degree"
(ESD). and we thus created the database shown in Table l. ESD is thus decided by BT. We assume that this is the basic SD that Japanese native speakers estimate while reading.
Particle "no" Particle "keredo" We think this prosodic pattern shows the most fundamental feature. Under strict checking, restricted speech was recorded by a professional female narrator, and its SDs were determined. As a result of our reference to natural speech, we constructed rules that make ESD correct with high precision.
The SD Decision-Making Process
With these rules we constructed an SD generator. With this it is possible to construct a linguistic process for a Japanese text-tespeech synthesis system. An example of this process is shown in Figure 4. (Detcxmination ~f ESD using ESD database ] Figure 4 Example of the SD decision. Four SD types of 0,1,2 and 3 correspond to phonetic symbols of "+", 'f' and "I", respectively.
First, an input Japanese sentence is broken down into morphemes, parts of speech, readiig, accentual type, etc. by morphological analysis. BT is confirmed simul- 
Evaluation
To evaluate this system of estimating SD, a subjective-opinion test in five grades was conducted among three native speakers. Subjects read 300 printed sentences with the SD sign, and they evaluated the SD accuracy in each sentence. (The average number of bunsetsus in a sentence is i.0.) 300 sentences were prepared from diverse fields such as an editorial, a novel, and an essay. Sentences were evaluated by using the following five grades [i] .
0 "Natural" (score 5 ) 0 "Somewhat unnatural but tolerable" (score 4) 0 "Somewhat unnatural" (score 3) 0 'Unnatural" (score 2) 0 "Serious error" (score 1)
,Is a result of evaluation, the average score was 3.i. X breakdown of the scores is shown in Figure 5 . It was found that the ratio of "Natural" and "Somewhat unnatural but tolerable" was greater than 2/3. The proportion of "Serious errorsz was less than 10% so that we thus obtained a satisfactory result.
Concluding Remarks
A method of estimating SD has been proposed for Japanese text-to-speech synthesis. Using this method, SD is estimated in the following manner.
1. BT is decided by the last bunsetsu morpheme.
2. ESD as an initial degree is decided by using the 3. Correction rules correct ESD into SD.
Our method is far simpler than the one that strictly analyzes sentences. h absolute evaluation test of five grades was performed upon 300 sentences with prosodic symbols provided by our method. .Is a result the ratio of "Natural" to "Somewhat unnatural but tolerable" exceeded 213. The proportion of "Serious errors" was less than lo%, thus giving us satisfactory results. We concluded that the proposed method gives us the prosodic symbol without using complicated linguistic analysis.
Inasmuch as we refer to SD-derived FO patterns from natural speech, our proposed SD would be useful for generating the FO pattern of synthesized speech. In the same way our method could be applied to devise other prosodic features. We intend to evaluate the synthesized speech created using our method.
ESD database.
